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HOT DIP COATIMO KBTHOD AHD APPARATOfl 

MgmCT or TffF niacLOfltypB 

A hot dip coating apparatus and method for 
coating a continuous steel strip, wire, or like 
continuous member with zinc, aluminum, tin, lead, or 
alloys Of each. A molten coating bath is contained 
in a vessel having a bottom opening upwardly through 
which the steel member is directed. Magnetic 
containment devices located below the vessel's 
bottom opening prevent tne escape of molten metal 
from the vessel through the opening. There are no 
guide rolls, or other rolls that act on the 
cor inuous steel member, in the bath. 
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HOT DIP COATING METHOD AND APPARATUS 

BACKGROUKD OF T HE INVEWTIOM 

The present invention relates generally to 
the hot dip coating of steei strip and more 
5 particularly to the hot dip coating of steel strip 
with a molten coating metal selected from a group 
including zinc^ aluminum, tin, lead, and alloys of 
each. 

Steel strip is coated with one of the 
10 coating metals described above to improve the 
resistance of the steel strip to corrosion or 
oxidation. One procedure for coating steel strip 
with a coating metal is the hot dip procedure in 
which the steel strip is dipped in a bath of molten 
15 coating metal. The conventional hot dip procedure 
is continuous and requires, as a preliminary 
processing step, pre-treating the steel strip before 
the strip is coated with the coating metal. This 
improves the adherence of the coating to the steel 
2 0 strip. The pre-treating step can be either (a) a 
preliminary heating operation in a controlled 
atmosphere or (b) a fluxing operation in which the 
strip surface is conditioned with an inorganic flux. 

Whether the pre-treating step involves 
25 heating in a controlled atmosphere or fluxing, the 

hot dip coating step per £e takes place in a bath of 
molten coating metal containing submerged guide 
rolls Tor changing the direction of the steel strip 
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15 



20 



25 



or otherwls. guiding the strip a. it undergoes the 
hot dip coating step. More particularly, the steel 
strip normally enters the hath of molten coating 
-etal in » direction having . substantially doJvard 
component and then passes around one or .ore 
Bub«rged guide roll, that change the direction o, 
the steel strip fro. substantially downward to 
substantially upward. The at.-<n i. »t. 
fr-n- ^ atrip is then withdrawn 

from the bath of nolten eoai-lr.„ , 

moxEen coating aatal as the strin 

moves m the upward direction. 

Problems arise due to the guide rolls 
being submerged in the bath of molten coating metal 
A submerged guide roll operates under conditions 
Which sublect the guide roll surface to factors 
such as wear and corrosion, which distort the ' 
surface of the guide roll. This m turn can result 
in distortion of a strip engaged by the guide roll 
thereby ruining the strip. ' 

*n°th« drawback arising from the use of 
submerged guide rolls is the need to provide a 
coating bath of relatively large volume in order to 
submerge the guide rolls. To prevent the steel 
strip from being damaged or distorted, the steel 
strip must undergo a gradual change of direction 

thrm^r""'' " 'trough 

the molten coating bath, xn the case where a singL 
g^ide roll is employed to change the direction of 
the moving strip, that guide roll must have a 
relatively large radius In order to assure a gradual 
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change of direction. In the case where a plurality 
of guide rolls are used to change the direction of 
movement of the strip from (a) initially 
predominantly downward movement to (b) horizontal 
5 movement and then to (c) predominantly upward 

movement, the radius of each of these guide rolls 
must be equal to the roll radius that would have 
been employed had a single roll been used, and the 
rolls must be spaced apart approximately 

10 horizontally within the bath. If a guide roll, 

which directs the strip to undergo any of the above- 
described direction changes, has too small a radius, 
the strip will non-unif ormly bend (discontinuously 
yield) and form undesirable creases. In either 

15 case, a substantial volume of coating metal is 
required in order to maintain the guide rolls 
submerged within the bath. In a conventional, hot 
dip, strip coating process, the coating bath may 
contain 100,000 lbs. (45,400 kg) or more of molten 

20 coating metal. Typically, hot dip coating baths 
hold about 330,000 to 500,000 lbs. (150,000 to 
227,000 kg) of molten coating metal. 

A molten coating bath having a relatively 
large volume is characterized by several 

25 disadvantages. For example, if a change in the 

composition of the molten coating bath is desired, 
this can only be done gradually (e.g. by dilution) 
and, because of the relatively large volume of the 
bath, such a gradual change may take a relatively 

30 long period of time (e.g., 24-48 hours). In 
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addition, the larger the volume of the bath, the 
longer the time required to heat the bath up to the 
desired temperature, upon start-up. 

Moreover, the larger the bath volume, the 
greater the period of time the steel strip will 
spend immersed in, and subjected to the temperature 
Of, the molten coating bath, m a conventional, hot 
dip, strip coating process, the strip may be 
in»ersed in the bath for about 1 to about 7 seconds. 
Typically, for example, the strip is submerged in 
the molten coating metal over a length of about lo 
feet (about 3 meters) . At typical strip speeds of 
100-400 feet per minute (about 30.5 to 122 meters 
per minute) , the immersion time would be i 5 to 6 3 
seconds. The longer the period of immersion, the' 
greater the extent of alloying between the iron in 
the steel strip and the zinc or aluminum in the 
molten coating metal, and that type of alloying, if 
uncontrolled, is undesirable. m conventional ^ot 
dip coating processes, alloying retardants are added 
to the molten coating bath to prevent alloying of 
the type describee: in the preceding sentence. 

»ecau.e of the large volume of the molten 
coating bath, the vessel containing the bath cannot 
be readily drained during a shutdown of the coating 
process. Accordingly, that part of the strip that 
is in the molten coating bath during shutdown win 
undergo an undesirable amount of alloying and will 
be ruined. For e..ample, if the time the strip 
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remains stationary in a zinc molten coating bath is 
long enough, the strip will alloy all the way 
through the thickness of the strip (complete 
alloying) . When this occurs, the strip becomes very 
5 brittle in the area of complete alloying and will 
break when moved. The separate parts of the broken 
strip then have to be rejoined, resulting in a loss 
of production time because the entire strip 
processing line is shut down during the rejoining 
10 operation. 

Another problem that arises in hot dip 
coating processes is the fornation of dross 
(oxidized coating metal) on the exposed surface of 
the molten coating bath. It is desirable to 

15 minimize the extent to which the dross is capable of 
contacting the surface of the steel strip as the 
strip enters and exits the molten coating bath- In 
conventional hot dip coating processes, this is 
usually accomplished by employing relatively 

20 elaborate devices that circulate the dross to 

prevent it from accumulating at locations where the 
dross could undergo substantial contact with the 
steel strip entering or exiting the molten coating 
bath. Another type of dross can also be present 

2 5 in the molten coating bath during hot dip coating. 

For example, when the molten coating bath is zinc or 
zinc alloy, iron, dissolved from the strip surface 
and iron fines, carried into the bath with the 
strip, react with the zinc in the bath to form 

30 particles of insoluble, iron-zinc, intermetallic 
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compound. These particles are denser than the 
molten bath, and they settle to the bottom of the 
vessel containing the bath, forming there an 
undesirable sludge, which can be entrained in the 
molten metal of the coating, reducing the quality of 
the coating. 

ggWfflRY QF THB INVEirPTO| i 

A method and apparatus in accordance with 
the present invention eliminates the drawbacks and 
disadvantages of the conventional hot dip coating 
procedures described above. 

The present invention employs a relatively 
small volume of molten coating metal in a relatively 
shallow bath contained in a relatively small vessel 
from which all guide rolls and other strip- 
contacting rolls are excluded. The vessel has an 
opening through which the steel strip is directed 
through the shallow bath of molten coating metal. 
In the specific embodiment shown in the drawings 
the vessel opening is provided in a bottom wall of 
the vessel and the steel strip is directed upwardly 
through the opening in the vessel bottom. it should 
be understood, however, that the steel strip can be 
directed horizontally through side openings in the 
vessel as well. m the preferred embodiment, a 
magnetic containment device, located adjacent to a 
vessel bottom opening, prevents the molten coating 
metal in the bath from escaping from the vessel 
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through the opening. Spaced below the vessel 
bottom, outside the coating bath, is a guide roll 
for changing the direction of movement of the steel 
strip from movement in some direction other thar 
5 vertically upward to movement in a substantially 
vertically upward direction, the direction of 
movemant of the strip as it enters the molten 
coating bath from below. 

The magnetic containment device is 
10 positioned direct ''^'^ below the opening in the vessel., 
bottom and is su iently close to the opening sw^ ^ 
that the magnetic xeld generated by che magnetic 
containment device extends upwardly into the 
opening. 

15 Because there are no guide rolls or other 

rolls within the vessel and because there is no nried 
to maintain any such roll submerged within the 
molten coating bath, the volume of the bath and the 
size of the vessel containing the bath are 

20 relatively small compared to baths and vessels 

employed in processes wherein the guido ro3 and 
other rolls are submerged in the molrcn coating 
bath. 

All the ocher drawbacks and disadvantages 
25 which accompanied submerged rolls are also 

eliminated by the present invention. Roll life is 
extended substantially. Strip distortion resulting 
from roll wear or distortion is minimized. 
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Because the voliome of the bath is 
relatively small, a change in composition can be 
f^ccomplished relatively rapidly and readily. ' 
Because the volume of the bath is relatively small, 
the bath can be readily and rapidly draJn-.d from the 
vcsoel Should a shutdown or-cur . Because the bath is 
relatively shallow, -ad because the strip passes 
through the batl. in a vertically upward direction 
only, the time the strip spends in the bath. 
s.Tbjected to the temperature of the bath, is 
relatively short. As a result, the dancrer of over- 
alloying between a molten coating metal and the iron 
in the steel strip is virtually non-exi^.tent, anr^ 
the need for incorporating a retarding agent in tho 
molten coating hath is signiricantly reduced cr 
eliminated. 

The aagnetic containment device performs 
functions in addiLion to preventing the escape of 
molten coating i-.et:al through the bottom opening in 
the vessel. The magnetic containment device also 
circulates aolten coating metal., froa the bottom 
opening, around i^ithin the bath, to create at the 
boctca opening a fiesh, uncxidlzed, un-dross -covered 
molten ^o^tlng metal surface for contact with the 
steel strip as the strip enters the bath through the 
bottom opening of the vessel. Further, the magnetic 
containment device dampens vibretion of the moving 
steel strip a;.d maintains the steel strip centered 
in a proper location for even coating on both sides, 
thereby improving coating uniformity. 
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Other features and advantages are inherent 
in the metiiod and apparatus claimed and dicclosed or 
wi7 1 become apparent to those skilled in the art 
from the following detailed description in 
conjunction with the accompanying diagrammatic 
drawings. 



BRIEF DESCRIPTION OF THE DRAWTM^H 



Fig. 1 is a vertical sectional view 
illustrating diagrammatical ly a method and apparatus 
10 in accordance with an embodiment of the present '^"^^ 
Invention; 

Fig. 2 is an enlarged, fragmentary view of 
a portion of the apparatus illustrated in Fig. l; 



15 



20 



Fig. 2A is an enlarged, fragmentary top 
view of a portion of an embodiment of the apparatus 
illustrated in Fig. 1; 

Fig. 2B is an enlarged, fragmentary top 
view, similar to Fig. 2A, showing another embodiment 
of a portion of the apparatus of Fig. l; 

Fig. 3 is a sectional view taken along 
line 3—3 in Fig. 2; 

Fig. 4 is a sectional view taken along 
line 4 — 4 in Fig. 2; 
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Fig. 5 is a fragmentary perspective of an 
eB.bodi»ent of magnetic containment device which may 
be used in practicing the present invention; 

Fig. 6 is an enlarged, fragmentary, 
5 vertical sectional view illustrating 

diagrammatically the magnetic field generated by a 
magnetic containment device that may be utilized 
When employing a method or apparatus in accordance 
with the present invention; 

^° enlarged, fragmentary view 

similar to Fig. 2, illustrating two additional ' 
embodiments of the present invention, useful 
together or separately, including a molten metal 
flow control device and magnetic wiping of coated 
<3teel strip; 
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Fig. 7A is an enlarged, fragmentary, 
vertical view, similar to Fig. 7, illustrating means 
for easily and mechanically controlling the liquid 
level of the molten metal bath contacting the s-eel 
strxp Via partial or complete immersion of a molten 
metal displacement member; 

Fig- 7B is an enlarged, fragmentary, 
perspective view of an alternate ficw control gate 
52A, shown in Fig. 7; and 

Fig. 8 is an enlarged, fragmentary 
perspective view illustrating another, modular 
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molten metal supply vessel embodiment of the present 
invention. 

DETAILED DB8CRIPTI0W 

Referring initially to Fig. 1, indicated 
5 generally at 10 is an apparatus in accordance with 
an embodiment of the present invention for 
performing a method in accordance with an embodiment 
of the present invention. The apparatus and method 
are employed for hot dip coating a steel strip with 
10 a molten coating metal selected from a group 

including zinc, aluminum, tin, lead, and alloys of 
each. The following discussion is in the context of 
an example employing zinc as the coating metal, 
unles:? indicated otherwise. 

15 Apparatus 10 comprises a vessel 11 for 

containing a bath 15 of molten coating metal. 
Vessel 11 comprises side walls 12 and a bottom 13 
having an opening 14 upwardly through which is 
directed a steel strip 16. Steel strip 16 is 

20 c rected upwardly through bath 15 to coat the strip 
with molten coating metal from the bath. Located 
adjacent to vessel bottom opening 14 is a magnetic 
containment structure for preventing the molten 
coating metal in bath 15 from escaping from vessel 

25 11 through bottom opening 14. The magnetic 

containment structure comprises two identical 
magnetic containment devices 18, 18'. Each device 
18, 18' is locatec' on a respective opposite side of 
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strip 16, in mirror image relation to the other 
device 18 (Figs, i and 6). 

As shown in Figs. 1-2, 7 and 7A, steel 
strip 16 is directed along a strip path extending 
5 through vessel opening 14 and through bath 15 of the 
molten coating metal. This strip path has a first 
path part located outside of the vessel, adjacent 
openng 14, and a second path part located within 
bath 15. Magnetic containment devices 18, 18« are 
10 positioned alongside the first path part. 

As shown in Figs. 2-4, vessel bottom 
opening 14 is in the form of a elongated slot 
comprising scructure for receiving steel strip 16 as 
it moves upwardly through opening 14 into bath 15. 
As is apparent from Figs. 2-4, vessel opening 14 has 
a cross-section, transverse to the path of steel 
strip 16, which is asymmetrical about the center 
point of the opening's cross-section, e.g. an 
elongated, rectangular cross-section. The strip 
path extends through the center point of the 
opening's cross -sect ion. Magnetic containment 
devices 18, 18' are constructed to prevent molten 
coating metal from escaping through such an 
asymmetrically cross-sectioned opening, steel strip 
16 is directed upwardly by a guide roll 19 spaced 
below vessel bottom 13, outside molten coating bath 
15. ruide roll 19 changes the direction of movement 
of steel strip 16 from movement in some direction 
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other than vertically upward to movement in a 
substantially vertically upward direction. 

Vessel 11 is devoid of any roll for 
directing or otherwise acting upon steel strip 16, 
5 at a location below the upper level 17 at which bath 
15 is contained in vessel 11. More particularly, 
there are no guide rolls or other rolls within 
coating bath 15, whatsoever. Because there are no 
rolls submerged in bath 15, there is no diminution 

10 in a roll's operating life, as would occur for rolls 
submerged within the molten metal coating bath. 
Because no submerged rolls are used to guide or 
otherwise ^.ct on steel strip 16, when operating in 
accordance with the present invention, there is no 

15 distortion of a roll surface due to wear or metal 
build-up on the roll surface. As a result, 
distortion or other damage to the steel strip, which 
can occur when a roll surface is distorted, is 
minimized* 

20 Located upstream of guide roll 19 is a 

pretreatment section or zone of which only the 
downstream part is shown at 21. A steel strip 16 
which has undergone pre-treatment (to be described 
in more detail below) exits from downstream part 21 

25 and, in the illustrated embodiment, is directed by 
an upper guide roll 22, along a path portion having 
a substantially downward component, toward lower 
guide roll 19. An enclosure 2 3 protects uncoated 
strip 16 from the outside atmosphere as it moves 
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between upper guide roll 22 and lower guide roll 19 
in other embodiments (not shown) , strip I6 can 
approach lower guide roll 19 along a path portion 
which is substantially horizontal. A vertical 
enclosure 24 protects ^teel strip 16 from the 
outside atmosphere as it moves between lower guide 
roll 19 and opening 14 in vessel bottom 13. 
vertical enclosure 24 may continue upwardly above 
vessel 11, terminating at a top wall 25 having an 
opening 26 through which a coated steel strip 20 
passes. Located above top wall is a further 
guide roll 27 for changing the c tion of the 
coated steel strip from vertical co horizontal. It 
should be understood that the metal coating should 
be sufficiently solidified upon contacting guide 
roll 27 such that guide roll 27 does not mar the 
coated surface . 

Located below top wall 25 are a pair of 
coating weight control knives 38, 38', one on each 
side Of coated steel strip 20. for controlling the 
thickness of the coating metal on coated steel strip 

In another embodiment, vertical enclosure 
24 may terminate at a lower top wall indicated in 
dash dot lines at 28. m this embodiment, the 
coated steel strip would be exposed to the outside 
atmosphere after it exited from molten coating bath 
15. Whether vertical enclosure 24 terminates at 
higher top wall 25 or at lower top wall 28, in both 



- 15 - 

embodiments vertical enclosure 24 encloses and 
protects, from the ambient atmosphere, an uncoated 
steel strip 16 directed upwardly through vessel 
bottom opening 14. In both embodiments, the 
5 vertical enclosure has a vertically disposed portion 
located below vessel 11 and has a bottom part 29 
within which is located guide roll 19. 

In the embodiment in which vertical 
enclosure 24 terminates at higher top wall 25, the 
10 vertical enclosure protects coated steel strip 20' 
from the ambient atmosphere at locations above 
vessel 11 and below top wall 25. 

A further embodiment of vertical enclosure 
24 may include both higher and lower top walls 25^ 
15 28. In this embodiment, the atmosphere in the space 
between lower top wall 28 and upper top wall 2 5 may 
be different from both the ambient atmosphere and 
the atmosphere below lower top wall 28. 

The molten coating metal in bath 15 can be 
20 replenished with solid metal in the form of bars, 

ingots, rods, or wire, which are melted in the bath, 
or the bath metal can be replenished with fresh 
molten metal , pre^melted elsewhere. 

In the illustrated embodiment, the molten 
25 coating metal in bath 15 is replenished by metal 

from a wire 31 drawn from a spool of wire 32. wire 
31 is fed or directed downwardly by guide rolls (not 
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shown), through a vertically disposed induction 
heating coil 33, located directly above vessel ii, 
for heating the wire to a desired temperature, or' 
its melting point. Electric current from a current 
source 34 flows through induction heating coil 33. 
As wire 31 is fed downwardly through heating coil 
33, the wire is melted. The vertical disposition of 
heating coil 33 directly above bath 15 and the 
feeding of wire 31 vertically downwardly through 
heating coil 33 allows melted coating metal from 
wire 31 to drop into bath 15 in vessel li. while 
the drawings illustrate metal replenishment via vire 
31 to illustrate the flexibility in terms of a 
minimum molten metal bath and quick charge-over 
15 features, it should be undarstood that the 

replenishing metal can be in any form, such as in 
the form of a metal bar, ingot, or slab, in addition 
to wire 31, 
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Wire 31 can have the same composition as 
bath 15, or wire 31 can have a composition different 
than that of bath 15 when it is desired to change 
the composition of bath 15. Because bath 15 hc>s a 
relatively small volume and because the molten Metal 
ir bath 15 is depleted relatively rapidly as a steel 
strip 16 undergoes coating during its movement 
through bath 15, a substantial change in the 
composition of bath 15 can be accomplished 
relatively rapidly by replenishing the bath with a 
wire 31 having a composition which differs from that 
30 of bath 15. An ex.^mple of a substantial change in 



25 
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the composition of a predominantly zinc bath is a 
. change from (a) about 5 wt.% aluminum to (b) about 
0.1 wt.% aluminum. To accomplish this change, one 
wojld substitute, for a spool of replenishing wire 
5 having (a) the former composition, a spool of 

replenishing wire having (b) the latter composition. 
Other information relevant to an example of a rapid 
change in composition is set forth below. 

In a typical embodiment of the present 
10 invention, vessel 11 is sized to contain a maximum 
quantity of molten coating metal, e.g., zinc or: 
aluminum, of less than 1000 lbs. (454 kg), typically 
a quantity in the range of about 30-500 lbs. (about 
13.6 to 227 kg). These amounts can be substantially 
15 different for metals of different densities. The 

following Table I shows the amount of molten coating 
metal in a typical vessel 11 when the metal bath is 
at 1 inch (2.54 cm) and 6 inches (15.24 cm) depths, 
and the bath has dimensions of 4 inches (10.16 cm) 
20 by 80 inches (2.03 meters) (the interior dimensions 
of the vessel or pot) : 
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TABLB 1 



LIQUID METAL IN MOLTEN COATING BATH 



5 





BATH MASS 


1 BATII DIMENSIONS 
1 ON.) 


BATH VOLUME 
(IN») 


ZINC 
(LB) 


ALUMINUM 
%1-B) 


1 W X 4 jc 1 (depth) 


320 


S2 




1 80 X 4 X 6 (depth) 


1920 


494 


187 



10 



steel strip 16 is directed upwardly through bath 15 
at a conventional commercial coating rate, typically 
in the range 2.5-5 ft. /sec. (76-152 cm/sec. ) . 
Typical dimensions for commercial coils .f steel 
strip subjected to a continuous coating process are: 
width, 24-72 inches (61-183 cm); and thickness, 
0.020-0.10 inches (0.51-2.54 mm). The coils may 
have a weight in the range 20,000-40,000 lbs 
15 (9,080-18,160 kg). Conceivably, the coils can have 
a length in the range 800-24,000 feet (244-7,315 m) , 
depending upon the coil weight and other coil 
dimensions. 



20 



When wire 31 has a composition different 
than that of bath 15, the employment of the above- 
described replenishing step in combination with the 
relatively small volume of bath 15 permits the 
normal operation of a coating method and apparatus 
in accordance with the present invention to effect a 
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substantial change in the composition of bath 15 in 
substantially less than one hour (e.g., 10 minutes 
or less) . 

Conventional hot dip coating methods 
utilize a molten coating bath having a quantity of 
molten coating metal typically in excess of 
100,000 lbs. (45,400 kg), e.g., 150,000 to 227,000 
kg, so that a change in bath composition can take 2 4 
to 48 hours compared to substantially less than one 
hour when utilizing a method and apparatus in 
accordance with the present invention. 

Wire spool 32 is readily replaceable with 
wire spools having different compositions to enable 
various changes in the composition of bath 15. 

One may employ more than a single 
replenishing wire 31 and more than a single 
induction heating coil 33, with the various wires 
being fed from their respective spools at different 
respective rates when it is desired to sabject bath 
15 to a change in composition. 

Bath 15 typically has a depth of about 1-6 
inches (2.54-15.24 cm), preferably 1-2 inches 
(2.54-5.08 cm). This allows one to limit the 
length of time in which strip 16 is immersed in bath 
15 to less than one second, when the strip is moved 
through the bath at the typical commercial coating 
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rate described above (2.5-5 ft. /sec. (76-152 
cm/sec. ) ) . 

If the replenishing step, employing the 
melting of wire 31 to replenish bath 15, is 
interrupted and the coating of steel strip 16 is 
continued while replenishing has been interrupted, 
the amount of coating metal in bath 15 will be 
depleted relatively rapidly, enabling one to empty 
vessel 11 of coating metal in 2 to 5 minutes, for 
example. An emptying time in this range assumes a 
bath weight of 30-500 lbs. (13.6-227 kg) and a strip 
coating rate of 2.5-5 ft. /sec. (76-152 cm/sec.) and 
a strip width of 24-72 inches (61-183 cm), all of 
which were described above as exemplary of 
conditions employed in accordance with the present 
invention. 

The time to empty vessel ii will be 
dependent upon the strip speed, coating weight, 
strip width, and bath volume. The formula is: 



49.5 X B 

LS X SW X CW 



Where: 

t 
B 



time to empty pot (minutes) 
bath voliime (cubic inches) 
» line speed (fpm) 
?ij " s^^iP vidth (inches) 
cw - coating weight (oz/sq ft 
total both sides) ' 
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For the slowest emptying case, for zinc: 



fc — 192 0 cubic inches 

LS =100 fpm 
SW 24 inches 

5 CW » . 0,3 oz/sq ft. 

t » 132 minutes 

For the fastest emptying case, for zinc. 

B = 320 cubic inches 

LS =» 4 00 fpm 

10 SW « 72 inches 

CW = 0.8 oz/sq ft. 

t ~ 0.7 minutes 



As an example, the replenishment rate = >^ 
formula for zinc is as follows: 

15 R = 0.00523 X LS X SW X CW 

Where: 



R = replenishment rate (lbs 



zinc/minute) 



Because vessel 11 can be emptied in such a 
20 relatively short time during shutdown (e.g., 2-5 

minutes) , the serviceability of vessel 11 and of the 
associated ec[uipment in apparatus 10 is greatly 
improved . 

If desired, vessel bottom 13 can be sloped 
25 toward vessel bottom opening 14 to facilitate 

drainage of bath 15 from vessel ll during shutdown 
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Of the coating operation. Bath 15 can be drained 
from vessel 11 through bottom opening 14 by 
interrupting or discontinuing the operation of ' 
magnetic containment device 18 which normally 
prevents the escape of molten metal through vessel 
bottom opening 14. The operation of magnetic 
containment device 18 can be interrupted or 
discontinued merely by interrupting or discontinuing 
the flow of current through the coil (described 
below) that generates the magnetic field. 

Alternatively, vessel ll can be provided 
with a normally plugged drainage opening (not shown) 
at another location on the vessel bottom and the 
interior of the vessel bottom can be sloped toward 
the alternative drainage opening, which can be 
unplugged to drain the relatively small bath volume 
from vessel ii during a shutdown, with this 
alternative arrangement, magnetic containment device 
18 need not be removed from its location underlying 
vessel bottom opening 14, and device 18 will remain 
in operation until vessel ii is substantially 
completely drained. 

AS noted above, the time in which steel 
strip 16 is immersed in bath 15 is typically less 
25 than 1 second. Because strip is is immersed in bath 
15 for so short a period of time and because the 
immersed steel strip is subjected to the temperature 
of bath 15 for such a short period of time, there 
will be no significant alloying between the molten 
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coating metal and the iron in strip 16. As a 
result., one may exclude from bath 15 most or all of 
any ingredient that is normally employed to retard 
alloying between the molten coatina metal and the 
5 iron in steel strip 16. Typical retarding agents 
would be aluminum when i^ath 15 is composed of zinc 
and silicon when bath 15 is composed of aluminum. 

As noted above, steel strip 16 is 
typically subjected to a conventional pre-treating 

10 operation before the strip is coated- In one 

conventional pre-treating operation, tlie steel strip 
is subjected to a cleaning step, followed by a 
rinsing step and a drying step. Optionally, the 
steel strip can be subjected to a flash coating step 

IS during which a flash coat of nickel or copper is 

applied to the strip, before the drying step. After 
drying, the stee. strip is heated in a furnace under 
a reducing atmosphere, and that atmosphere is 
maintained until the strip is introduced into the 

20 molten coating bath. The enclosure depicted at 21, 
23, and 24 in Fig. 1 maintains the desired 
atmosphere around strip IC after it has been heated. 
Typically, the atmosphere in the enclosure depicted 
at 21, 23, and 24, up to at least lower top wall 28, 

25 may be a hydrogen/nitrogen atmosphere, whereas the 

atmosphere above lower top wall 28, i.e. between the 
top of vessel 11 and higher top wall 25, could be 
nitrogen alone. If wall 28 completely seals the 
area above molten metal-containing vessel 11 from 
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therebelow, the atmosphere above the vessel 11 can 
be air. 

Another embodiment of a conventional pre- 
treatlng operation dispenses with heating the steel 
5 strip in a reducing atmosphere. Instead, after the 
rinsing step, the strip is passed through a fluxing 
bath and then dried, following which the .teel str-ip 
is introduced into the molten coating bath When a 
fluxing type of pre-treating,pperation ir. employed, 
10 there is no need to protect the steel st.ip f.om the 
outside atmosphere upstream of the molten coating 
bath at 15. The magnetic field at ver.sel bottom 
opening 14 supplies the energy required to heat 
strip 16 sufficiently to activate the flux to clean 
the surface of the strip to enable adherence of the 
coating. 

As notea above, the two types of pre- 
treating operations to which the steel strip may be 
subjected are conventional; the details thereof are 
well known to those skilled in the art of hot dip 
coating of steel strip. 
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Although r.ot shown in Fig. i, conventional 
drive rolls are employed for moving steel strip 16 
alor? the processing path comprising the pre- 
25 tr... -ing operation and the coating operation 
depicted in Fig. i. 
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In onp type of pre-treating operation 
einployong heating of the steel strip in a reducing 
atmosphere, i nt *^rrupt ib: e induction heating may 
employed to rapidly h.3at the steel strip anywhere 
:jrstx-eam of vessel 11, e.g. upstre.-^m of upper guide 
roll 22 {located in enclosure 2"). When induction 
heating \s employed in the pre-treating operation, 
in combination with a Tneth->d in accordance with the 
present invention, a drop ir demand for coated strip 
can accommodated by shutting down borh (a) the 
pre-troating operation including the interruptible 
induction heating step and (b) all of the steps viri^' 
the hot dip coating operation of the presenc 
invention. Such a shutdown may include dra-ninq 
moiton coating bach 15 from vessel 11, utilizir.q an^' 
of tlje rapid drainage procedures described above. 
Cvencually, when there is an increase in demand for 
coaled stii^:, one may re3umG all of the processing 
steps, both (a) pre-treating and (b) hot dip coating 
in accordance with the preser.t inventior. There is 
a relatively smiull amount of molten coating metal in 
bath 15 (e.g. 67-500 lbs. (30-227 kq) ) ; therefore, 
even if the b\th had n drained from vessel 11 
during shutdown, t\o vessel can be rapidly refilled 
wif"h the required ai.iount of molten coating metal 
when it is desired to resume hot dip coatinq in 
r^^^spcnse to ar increase in demand for coated metal 
strip. 
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A hot dip coated steel product resulting 
from performance of a method in accordance with the 
present invention comprises a steel base and a hot 
dip coating metal on the steel base. The coating 
metal may be selected from the group consisting of 
zinc, aluminum, tin, lead, ana alloys of each. The 
product is characterized by the absence of (a) any 
substantial amount of intermetallic compound 
composed of iron and the coating metal and (b) any 
ingredient for retarding the formation of such an 
intermetallic compound. 



Referring now to Figs. 2-6, there will now 
be described an embodiment of a magnetic containment 
device 18 which may be employed in an apparatus or 
15 method incorporating the present invention. 

As shown in Fig. 2, vessel bottom 13 
compulses an exterior steel shell 36 and an interior 
refractory lining 37 and has a horizontal top 
surface 51. In the embodiment shown in Fig. 2, each 
magnetic containiuent device 18 extends upwardly 
above the lower extremity of vessel bottom opening 
14 but is located below the upper extremity of 
opening 14. The vertical positioning of magnetic 
containment device 18 relative to vessel bottom 
opening 14 can be varied from the position shown in 
Fig. 2 so long as magnetic containment device 18 is 
positioned directly below opening 14 and 
sufficiently close to that opening so that the 
magnetic field generated by magnetic containment 
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device 18 extends upwardly into opening 14 and 
pr:evenj:s the molten metal from bath 15 from escaping 
from vessel 11 through opening 14. 

Each magnetic containment device 18, 18' 
is in the form of a single-turn coil having a first 
coil portion 4 0 connected to a second coil portion 
or shield 42 by a conducting element 43 disposed at 
one end of magnetic containment device 18 (Figs. 3- 
5) . coil portions 40 and 42 are cooled by flowing 
water, argon gas, or other cooling fluid through 
cooling channel 44. First and second coil portions 
40, 42 and conducting element 4 3 are all composed of 
non-magnetic conducting material, such as copper. 

Interposed between first coil portion 40 
and second coil or shield portion 42 is a layer of 
magnetic material 45 of conventional composition, 
for example, any available ferrite materials and/or 
magnetic material 45 formed from cold rolled 
magnetic strip laminations. A thin film of 
electrical insulating material (not shown) is 
interposed between first coil portion 40 and 
magnetic layer 45 and also between magnetic layer 4 5 
and second coil or shield portion 42. Interposed 
between the top of magnetic containment device 18 
and the bottom of molten metal bath 15 is a layer 4 6 
of refractory material which protects magnetic 
containment device 18 from the heat of molten metal 
bath 15 (Fig. 2) . 
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Current from an external source may be 
introduced into first coil portion 40. and this 
current flows through first coil portion 40, then 
through conducting element 43, then through second 

ba.k to the external source of current. Magnetic 
containment device 18 generates a magnetic field 

rrthatTr'T"""''"' ' "^"^ =*"amll„es 

48 that indicate direction of magnetic field. m 

each magnetic containment device 18, the layer 4 5 of 

magnetic material provides a low reluctance return 

path for the magnetic field generated by the coil 

composed of coil portions 40, 42, and 43. 

Second coil portion 42 and the layer 45 of 
magnetic material are both 0-shaped. „-shaped 
second coil portion 42 acts as a shield to confine 
the magnetic field substantially to the space at 
opening 14 between the top of magnetic containment 

Mrcne^i"!"' °' 

that, in a preferred embodiment, also receives 
water, argon gas, or other cooling fluid. 

While some heating of the steel strip by 
the alternating current used in the electromagnetic- 
assisted coating method and apparatus of the present 
invention is advantageous, too much strip heating is 
disadvantageous. The magnetic field absorbed by and 
passing through the steel strip ,e is determined by 
the size of the gap "a" (Fig. 2) . 
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As noted above, Fig. 6 is 
representational. For example, there is normally a 
space between steel strip 16 and the adjacent 
surface of second coil portion 42, of, e.g, , .01 
inch to about 1 inch, preferably less than % inch, 
to prevent damage to the steel strip 16 and to the 
magnet 18 that might be caused by contact of the 
strip 16 against the magnet 18 • No such space is 
shown in Fig. 6. In addition, refractory material 
4 6 is not shown in Fig. 6. 

As noted four paragraphs above, in the-/^ 
embodiment illustrated in Figs. 3-5 the current flow 
is separate for each device 18 on a respective 
opposite side of strip 16. In each such device 18, 
15 a separate current stream flows from an external 
source into first coil portion 40 then through 
connective conducting element or short 4 3 into 
second coil or shield portion 42 and then out of the 
coil back to the external source. 

20 In the embodiment of Fig. 2B, the same 

current stream flows in series through the coil 
portions 40 and strip-adjusted parts of shield 
portions 4 2 on both sides of strip 16. More 
particularly, as shown by the arrows in Fig. 2B, a 

25 single current stream from an external source flows 
through first coil portion 40 on one side of strip 
16 (to the right as viewed in Fig. 2B) and then 
through a first short 4 3b into that part of second 
coil or shield portion 42 adjacent strip 16. From 
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In the embodiment of Fig. 2A th« 
portions .0 on respective opposite sL« o, 3t"p 
are electrically connected to an extern!, ! 
- one enc ana shortea „, at their other ena"": " 
for„ a u-shapea circuit or coll. The strinad 
parts oe shlela portions « are electrlca '"^"^ 
connected at both opposite end« * 

loop around strip 16 Th! ' conductive 

15 i« w current flow in this 

" loop. Shown by the arrows In rl,. * maucea by 

the IZ'T — Circuit ae, nea^y 

TJ2 current 
fro. the external source which enters that one "na 

strip J 6 (as m the embodiBent of fI.t 2BI fi 
sequentially through that flr,^ !f' 
short 43a into ^ Portion 40, through 

snort 43a Into first portion 40 on the otK«, 
strip 16 ana thence back to the external °' 
The airectlon of mauced current flTin th^e^l"' 
5 deplctea by the arrows in Pig. ^ I'Lts the 

current flow, through the two tirU J,llToVTo 
aescrlbed in the preceding sentence. ' 

i and /f^i"""*! in£or»ation on the structure 

and materials of construction for magnetic 
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containment devices of the general type described 
above is contained in Gerber, et al. U.S. Patent No. 
5,197^5*34, and the relevant disclosure therein is 
incorporated herein by reference. 

5 In addition to preventing the escape of 

molten metal through vessel bottom opening 14, 
magnetic containment device 18 performs additional 
functions; it circulates molten coating metal, from 
bottom opening 14, around within bath 15 to create, 

10 at bottom opening 14, a fresh, unoxidized, molten 

coating metal surface, devoid of a dross layer, for 
contact with uncoated steel strip 16 as the strip 
enters bath 15 through bottom opening 14. Moreover, 
the magnetic field, resulting from the employment of 

15 device 18, will also heat bath 15 and strip 16. 

In accordance with another embodiment of 
the present invention, as illustrated in Fig. 7, the 
apparatus and method previously described with 
reference to Figs. 1-6 advantageously can be used in 

20 conjunction with a flow control ana molten metal 
shut-off device 50. Each flow control device 50 
includes a vertically adjustable molten metal- 
impermeable wall or gate 52 adjustably counted to a 
stationary supply vessel support wall 53. A level 

25 control device 50 is disposed on each side of the 

coated steel strip 20 between the coated steel strip 
20 and an integral, optionally modular, molten metal 
supply vessel 54. Each flow control device 50 
prr'Vides for quick adjustment of the flow rate of 
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molten netal in contact with each side of the steel 
strip. Gate 52 of each level control device 50 can 
be vertically adjusted equally with respect to its 
supply vessel vertical wall 53, change the size of a 
molten metal outlet 56 defined between gate 52 and 
horizontal top surface 51 of vessel bottom 13. 

The gate 52 of flow control device 50 is 
movably mounted to supply vessel wall 53 to 
adjustably define the flow rate of molten metal from 
molten metal supply vessel 54 to the steel strip 16 
Molten metal outlet 56 leads molten metal f>-om 
molten metal supply vessel 54, over vessel bottom 
opening 14 to the steel strip 16, formir^g a molten 
metal flow path from molten metal supply ves:.el 54 
over top surface 51, to the steel strip i6 above the 
magnetic confinement device lo. m the preferred 
embodiment, each flow control device 50, when gate 
52 IS completely closed, provides a molten metal- 
impermeable seal that completely blocks molten metal 
from following the flow path from vessel 54 to the 
steel strip 16. This gate closing feature is 
extremely advantageous for rapid changes in molten 
metal composition without completely using or 
draining the molten metal contained in vessel 54 
When it is desirable to stop the coating operation, 
for Whatever reason, the gate 52 can be completely 
lowered to seal opening 56, and the molten metal 
drained from the bottom opening (not shown) betwoen 
the steel strip 16 and the flow control gate 52, as 
described with reference to Figs. i-6. The molten 



500CI D: <CA 21 31 059A 1 _\j> 



- 33 - 

metal contained in vessel 54 can be adjusted in 
composition while the vessel is sealed before 
restarting the coating operation, or the vessel 54 
can be exchanged for another vessel containing a 
5 molten metal of a different composition, as 
explained with reference to Fig. 8. In the 
embodiment shown in Fig. 7B, another form of the 
gate, indicated at 52A, includes notched openings 53 
for controlled flow of molten metal from vessel 54 
10 over horizontal wall 51, to the steel strip 16. 

In accordance with another level control 
embodiment of the pre£>ent invention, as illustrated 
in Fig. 7A, the molten metal level 17A can be 
adjusted quickly without addition of more metal to 
the molten metal bath 15, by partial or complete 
immersion of a mass of inert material 70 that is 
capable of withstanding the temperature of the 
molten metal when at least partially immersed 
therein to raise the molten metal level 17A. The 
inert mass 7 0 is large enough such that when 
completely withdrawn from the molten metal 15, 
essentially all molten metal in the horizontal flow 
path between vessel 54 and the steel strip 16 will 
flow back into vessel 54 (the level in vessel 54 
will be below horizontal wall 51) . The inert mass 
70 can include a heating means, e.g. , an electrical 
coil, integral within the mass to melt any metal 
therefrom, that might otherwise solidify on an outer 
surface of the mass 70, to maintain the mass 70 at a 
known volume for liquid level control. Upon partial 
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iauaersion of the mass 70 into the molten metal bath 
15, the level 17A will rise on both sides- of wall 
53, quickly, without additional metal added to bath 



15. 



In accordance with another important 
embodiment shown in Fig. 7, one or more addition-,1 
magnetic containment devices 18A is used singly, or 
one above another, and each is disposed in close 
proximity to the coated steel strip above the molten 
metal bath 15 for the purpose of wiping excess 
coating metal from the surface of the coated steel 
strip 20 and forcing the excess metal back into the 
molten metal bath 15 of coating metal. As noted 
above, strip 16 is directed along a path having 
first and second parts vhich are upstream of 
additional magnetic devices 18A which, in turn, are 
positioned alongside a third path part located' 
downstream of bath 15. Each magnetic containment 
(wiping) device 18A is constructed similar to 
magnetic containment device is in the form of a 
single-turn coil having a first coil portion 40A 
connected to a second coil portion 42A by a 
conducting element (not shown, but constructed the 
same as conducting element 43, Figs. 3-5, of device 
25 18). First and second coil portions 40A, 42A and 
the conducting element are all composed of non- 
magnetic conducting material, such as copper. 

Interposed between first coil portion 40A 
and second coil or shield portion 42A is a layer of 
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magnetic material 45A of conventional composition. 
A thin film of electrical insulating material (not 
shown) is interposed between first coil portion 40A 
and magnetic layer 45A and between magnetic lc*yer 
5 45A and coil portion 42A. The magnetic field, 
generated In the s^rime manner described with 
reference to magnetic containment devlre 13, forces 
excess coating metal back toward tJ^e coating bath 
15. 

10 As illustrated in Fig- 8, in accordance 

with one embodiment of the present invention, vef^f^^i 
54A is constructed so that it can be removed froTn 
its metal flow path connecting strurtuze 58 at high 
temperature seal 60 and "substituted with another 

15 interconnectable vessel of like construction. The 
substituting vessel can be empty, for the addition 
of a molten metal of any desired composition, or the 
substituting vessel can contain a desired quantity 
of molten metal of desired compositi '^n up^n 

20 installation, for rapid changeover from one molten 
metal composition to another. For the put-no 
vessel changeover, as shown in Fig. 8, vessel 54A 
and metal flow path connecting structure *>e are 
formed to include a tongue and groove fitting o2 

2 5 sealed at the interconnection between flow path 

structure 58 and vessel 54A with a sealing material 
capable of withstanding the mclten metal 
temperature. 
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The contJn-ious proj:ess and apparatus 
desr-x ibed above na^ been di scussed in th » context of 
hot dip coating steel strij,. The process and 
apparatus can also be used to hot dip coat steel 
5 wiro or a like continuous member, or to hot dip coat 
strip, wire, or a like continuous member composed of 
some other appropriate metal. 

The foregoing detailed description has 
been given for claar..ess of understandina only and 
10 r,o unnecessary limitations should be understood 

therefrom, an r-.^^iz xn.^ziona will be obvious to those 
iihilled in the art. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. An apparatus for hot dip coating a 
continuous steeJ member with a molten coating metal 
selected from a group including zinc, aluminum, tin, 
lead, and alloys of each, said apparatus comprising: 
a vessel for containing a bath of 
said molten coating metal; 

an opening in said vessel; 
means for directing a continuous 
steel member alon^ a path extending 

through said opening in the vessel and - ^ 

through the bath of molten coating metal 
contained in said vessel to coat said 
member with said molten coating metal; 

said path having a first part located 
outside of said vessel, adjacent said vessel 
opening, and a second part located within said 
bath ; 

and magnetic containment means, 
positioned alongside said first part of 
said path for preventing the molten 
coating metal in said bath from escaping 
from said vessel through said opening; 

said magnetic concainment means comprising 
means for generating a magnetic field which 
extends from said magnetic containment means 
inwardly through said opening in the vessel. 
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2. An apparatus as recited in claim 

wherein: 

said means for directing said 
continuous steel member comprises a guide 
roll for aligning the steel strip with 
said vessel opening; and 

said vessel being devoid of any guide 
roll, for directing said steel member, at 
a location below the upper level at which 
said bath of molten coating metal is 
contained in said vessel. 



wherein: 



3. An apparatus as recited in claim 2 



there are no guide rolls within said 
coating bath, whatsoever. 

4. An apparatus as recited in claim i 
Wherein said member is a steel strip and wherein: 

said vessel is sized to contain a 
maximum quantity of molten coating metal 
less than 1,000 lbs. (454 kg). 

5. An apparatus as recited in claim 4 
wherein: ' 

said vessel is sized to contain a 
maximum quantity of molten coating metal 
in the range of about 67 to 500 lbs. (3o 
to 227 kg) . 
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6. An apparatus for hot dip coating a 
continuous steel member with a molten coating metal 
selected from a group including zinc, aluminum, tin, 
lead, and alloys of each, said apparatus comprising: 

a vessel for containing a bath of 
said molten coating metal, said vessel 
having side walls and a bottom; 

an opening in said vessel bottom; 

means for directing a continuoas 
steel member upwardly along a path 
extending through said opening in the 
vessel bottom and through the bath of 
molten coating metal contained in said 
vessel to coat said strip with said molten 
coating metal; 

said path having a firs.: part located 
outside of said vessel, adj^i^nt said vessel 
opening, and a second part located within said 
bath ; 

and magnetic containment means, 
positioned alongside said first part of 
said path adjacent to said vessel bottom 
opening, for preventing the molten coating 
metal in said bath from escaping trom said 
vessel through said opening; 

said magnetic containment means comprising 
means for generating a magnetic field which 
extends from said magnetic containment means 
inwardly through said opening in the vessel. 
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7. An apparatus as recited in claim 6, 

wherein: 

said means for directing said 
continuous steel member comprises a guide 
roll for changing the direction of 
movement of said member from movement in 
some direction other than vertically 
upward to movement in a substantially 
vertically upward direction, sale guide 
roll being spaced below said vessel 
bottom, outside said coating bath; 

said vessel being devoid of any guide 
roll, for directing said steel member, at 
a location below the upper level at which 
said bath of molten coating metal is 
contained in said vessel. 

8. An apparatus as recited in claim 6, 

wherein: 

said magnetic containment means is 
positioned directly below said opening in 
the vessel bottom and sufficiently close 
to said openlr, so that the magnetic field 
generated by said magnetic containment 
means extends upwardly into said opening. 

9. An apparatus as recited in claim 6, 

wherein: 

said opening in the vessel bottom is 
an elongated slot comprising means for 
receiving said member. 
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10. An apparatus as recited in claim 6 
and coinprising: 

means, located below said vessel, for 
^inclosing and protecting, from the ambient 
atmosphere, a steel member directed 
upwardly through said vessel bottom 
opening. 

11. An apparatus as recited in claim 6 
and comprising: 

a furnace, located upstream of said 
vessel, for pre-treating said member; 

means for moving said member along a 
path extending from said furnace to said 
opening in the vessel bottom; 

^nd means for enclosing said member and 
protecting the member from the ambient atmosphere as 
the strip moves along said path. 

12- An apparatus as recited in claim 11; 

wherein: 

said enclosing means has a vertically 
disposed portion located below said vessel 
and having a bottom part; 

and said apparatus comprises a guide 
roll located within said bottom part for 
directing said member upwardly toward said 
vessel . 
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13. An apparatus as recited in claim 10 
and comprising: 

additional means, located above said 
vessel, for enclosing and protecting said 
member from the ambient atmosphere. 

14. An apparatus as recited in claim 6 
and comprising: 

means for replenishing the bath in 
said vessel with molten coating metal. 

15. An apparatus as recited in claim 14, 
wherein said replenishing means comprises: 

a heating coil located directly above 
said vessel; 

means for feeding a solid metal 
source composed of said coating metal 
through said heating coil; 

said heating coil comprising means 
for melting said solid metal source 
composed of coating metal, and for 
allowing melted coating metal to drop into 
said bath in said vessel. 

16. An apparatus as recited in claim 15, 
wherein said solid metal source is metal wire. 

17. An apparatus as recited in claim 15, 
wherein said solid metal source is a metal ingot. 
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18. An apparatus as recited in claim 14, 
wherein sa.id member is a steel strip and said 
apparatus comprises: 

means for coating said strip at a 
commercial coating rate in the range 
2.5-5 ft. /sec. (76-152 cm/sec.) and 

means, including said replenishing 
means and the internal volume of said 
vessel, for permitting the normal 
operation of said coating apparatus to 
effect a substantial change in the 
composition of said bath in substantially 
less than an hour, when coating a steel 
strip having a width in the range 24-72 
inches. (61-183 cm). 

19. An apparatus as recited in claim 18, 
wherein said meane for permitting a substantial 
change in bath composition comprises: 

a heating coil located directly above 
said vessel; 

means for feeding, through said 
heating coil, solid metal composed of a 
coating metal other than the metal 
composition of said bath; 
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said heating coil comprising means 
for melting said solid metal composed of 
coating metal, as the solid metal is 
contacted with said coil, and for allowing 
melted coating metal to drop into said 
bath in said vessel. 

20. An apparatus as recited in claim 6 
and comprising: 

a drainage hole in a bottom of said 
vessel; the interior surface of said vessel 
bottom being slooed toward said drainage hole. 

21. An apparatus as recited in claim 6 
wherein: ' 

said opening in the vessel bottom 
further comprises a means for draining 
molten metal from said vessel. 

22. An apparatus as recited in claim l 
wherein the magnetic containment means comprises I 
magnetic coil including a first non-magnetic coil 
portion and a second non-magnetic coil portion 
spaced by an interposed magnetic material, said 
first and second coil portions being interconnected 
by a conductive means for electrically connecting 
said first and second coil portions. 

23. An apparatus as defined in claim 22 
further including a first insulating means for 
electrically insulating said first coil portion from 
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said interposed magnetic material and a second 
insulating means for electrically insulating said 
second coil portion from said interposed magnetic 
material . 

24. An apparatus as defined in claim 22 
further including electrical current means for 
introducing electrical current into said first coil 
portion to establish current flow from said first 
coil portion, through said conductive means, through 
said second coil portion, and back to the electrical 
current means. 

25. An apparatus as defined in claim 22 
further including a layer of refractory material 
disposed between said magnetic containment means and 
said bath of molten coating metal to protect the 
magnetic containment means from the heat of the 
molten metal. 

26. An apparatus as recited in claim 22, 
wherein the first coil portion includes an exposed 
outer surface facing the bath of molten metal. 

27* An apparatus as defined in claim 6, 
wharein the magnetic containment means comprises a 
magnetic coil including a first non-magnetic coil 
portion and a second non-magnetic coil portion 
spaced by an interposed magnetic material, said 
first and second coil portions being interconnected 
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by a conductive ^eans for electrically connecting 
said first and second coil portions. 

28. An apparatus as defined in claim 27 
further including a first insulating means for 
electrically insulating said first coil portion from 
said interposed magnetic material and a second 
insulating means for electrically insulating said 
second coil portion from said intorposed magnetic 
material . 

29. An apparatus as defined in claim 27 
further including electrical current means for 
introducing electrical current into said first coil 
portion to establish current flow from said first 
coil portion, through said conductive means, through 
said second coil portion, and back to the electrical 
current means. 

30. An apparatus as defined in claim 27 
further including a layer of refractory material 
disposed between said magnetic containment means and 
said bath of molten coating metal to protect the 
magnetic containment means from the heat of the 
molten metal. 

31. An apparatus as recited in claim 27 
Wherein the first coil portion includes an exposed' 
outer surface facing the bath of molten metal, said 
exposed outer surface curving in a direction 
downwardly and inwardly toward said continuous steel 
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member over a portion of said exposed outer sur f ac*^ 
closest to said continuous steel member. 

32. An apparatus as recited in claim 6 
further including magnetic wiping means d\f;posed 
adjacent to said continuous stpoi member and above 
the bath of molten coating metal for magnetically 
wiping excess coating metal from said coated steel 
member • 

33. An apparatus as recited in claim 22, 
wherein the magnetic wiping means co^nprises a 
magnetic coil including a first non-magnetic coil 
portion and a second non-magnetic coil portion 
spaced by an interposed magnetic iraterial, said 
first and second coil portions be'wng interconnected 
by a conductive means for electrically connecting 
said first and second coil portions* 

34. An apparatus as defi ed in claim 33 
further including a first insulating means for 
electrically Insulating said first coil portion of 
said wiping means from said interposed magnetic 
material of said wiping means and a second 
insulating means for electrically insulating said 
second coil portion of said wiping means from said 
interposed magnetic material. 
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35. An apparatus as defined in claim 33 
further including electrical current means for 
introducing electrical current into said first coil 
portion Of said wiping means to establish current 
flow from said first coil portion of said wiping 
means, through said conductive means, through said 
second coil portion of said wiping means, and back 
to the electrical current means. 

36. An apparatus as recited in claim 33 
wherein the first coil portion of said magnetic ' 
wiping means includes an exposed outer surface 
facing said coating metal on said continuous steel 
member, said exposed outer surface being essentially 
planar. ^ 

37. An apparatus as recited in claim 6 
Wherein said vessel further includes an upper molten 
metal outlet disposed above the vessel bottom and 
spaced from said steel member and providing a flow 
path for molten metal to said steel member over said 
vessel bottom opening. 

38. An apparatus as recited in claim 37 
further including depth means for adjusting the 
depth of molten metal emanating from said upper 
outlet toward said continuous steel member 
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39- An apparatus as recited in claim 38^ 
wherein said depth means comprises a mass at least 
partially submersible in said molten metal and 
controllably submersible to adjust said molten metal 
level . 

40. An apparatus as recited in claim 37 
further including means for closing said outlet. 

41. An apparatus as recited in claim 21, 
wherein said vessel is separable into two sections 
so that upon closing said outlet, a first portion of 
said vessel, containing molten metal, can be 
displaced without spillage of molten metal from said 
closed first portion of said vessel and replaced 
with a vessel of like construction. 

42. In combination with the apparatus of 

claim 1: 

a bath of molten coating metal 
selected from a group consisting of zinc, 
aluminum, tin, lead, and alloys of each; 

said bath being substantially devoid 
of any ingredient which retards alloying 
between said coating metal and the iron in 
said steel member. 
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43. In combination with the apparatus of 

claim 6: 

a bath of molten coating metal 
selected from a group consisting of zinc,, 
aluminum, tin, lead, and alloys of each; 

said bath being substantially devoid 
of any ingredient which retards alloying 
between said coating metal and the iron in 
said steel member. 



44. A hot dip coated steel product 
comprising: 

a steel base; 

a hot dip coating metal on said steel 
base, said coating metal being selected 
from the group consisting of zinc, 
aluminum, tin, lead, and alloys of each; 

said product being characterized by 
the absence of (a) any substantial amount 
of intermetallic compound composed of iron 
and said coating metal and (b) any 
ingredient for retarding the formation of 
such an intermetallic compound. 

45. A method for hot dip coating a 
continuous steel member with a molten coating metal 
selected from a group including zinc, aluminum, tin, 
lead, and alloys of each, to produce a coated steel' 
strip, said method comprising the steps of: 
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containing a bath of said molten 
coating metal in a vessel having an 
opening therein; 

directing a continuous steel member 
along a member extending through said 
opening in the vessel and through said 
bath of molten coating metal contained in 
said vessel to coat said member with said 
molten coating metal; 

E.aid path having a first part located 
outside of said vessel, adjacent said vessel 
openintj, and a second part located within said 
bath; 

and magnetically confining, within 
said vessel, the molten coating metal at 
said opening, to prevent the molten 
coating metal in said bath from escaping 
from said vessel through said opening; 

said confining step comprising (a) 
positioning magnetic containment means 
alongside said first path and (b) employing 
said magnetic containment means to generate a 
magnetic f^eld which extends from said magnetic 
containment means inwardly throuc ^ said opening 
in the vessel. 
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46. A method as recrited in ciaim 45 and 
comprising: 

employing said magnetic containment 
means to circulate uolten coatinc metal, 
at saic opening, around said opening 
within said bath to create at said opening 
a fresh, unoxidized, un-dross-jovered 
•Ticiten coating meta] surface for contact 
vith said steel memk.er as the member 
enters said bath through said opening, 

47. A method e.s recited in claim 45 
wherein said vessel has bottom, said opening 'is in 
said vessel bottom and seid directing step 
comprises : 

directing said member upwardly through 
said opening; 

changing the direction of movement of 
said steel member from (a) movement in 
some direction other than vertically 
upward to (b) movement in a substantial^ 
vertically upward direction; 

and performing said direction- 
changing step outside said bath at a 
location spaced below the vessel opening; 

said method compi-ising excluding any 
meirber-directing roll from imm^rsicn in 
said bath. 



4S0OCI0: <CA 213105SA1_L> 



- 53 - 



48. A method as recited in claim 45, 
wherein said member a strip and said method 
comprises: 

maintftining the quantity of molten 
coating m^tal in said bath at less than 
1,000 lbs. (454 kg) . 

49. A method as recited in claim 4 8 and 
comprising: 

maintaining the quantity of molten 
coating metal in said bath in the range of 
about 67 to 500 lbs. (30 to 227 kg). 

50. A method as recited in claim 45 and 
comprising: 

limiting the time in which said 
member is immersed in said bath to no more 
than 1 second . 

51. A method as recited in claim 50 and 
comprising: 

limiting the time in which said 
member is immersed in said bath to no more 
than 1 second. 

52. A method as recited in claim 51, 
wherein said coating metal is zinc, aluminum, tin, 
lead or alloys of each, and sal- method comprises: 

substantially excluding from said 
bath any ingredient which retards alloying 
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between said molten coating metal and the 
iron in said steel member. 

53. A method as recited in claim 45, 
wherein said coating metal is zinc, aluminum, tin, 
lead, or alloys of each, and said i .^thod comprises 
substantially excluding from said 
bath any ingredient which retards alloying 
between said molten coating metal and the 
iron in said steel member. 

54. A method as recited ii claim 53 and 
conp;.ising: 

limiting the time in which said 
member is immersed in said bath to no more 
than 1 second . 



55. A method as recited in claim 49 and 
comprising: 

enclosing and protecting said steel 
member from the ambiftn*- atnospher.e as said 
strip is directed upwardly through said 
bottom opening of the vessel. 
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56. A method as recited in claim 55 and 
comprising: 

pre-treating said steel member at a 
pre-treating zone located upstream of said 
molten coating bath; 

moving said steel member along a path 
extending from said pre-treating zone to 
the bottom opening in said vessel ; 

and enclosing and protecting said 
steel member from the ambient atmosphere 
as the strip moves along said path. 

57. A method as recited in claim 4 5 
and comprising whe additional step of 
replenishin-j said bath of molten coating 
metal, said replenishing step comprising: 

feeding a wire composed of coating 
metal toward said bath, from above; 

melting said wire by induction 
heating at a location directly above said 
bath ; 

and allowing melted coating metal 
from said wire to drop into said bath. 
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58. A method as recited in claim 45 
Wherein said member is a strip and said method' 
comprises : 

coating said steel strip at a 

commercial coating rate in the range 2.5-5 

ft. /sec. (76-152 cm/sec.) ; 

replenishing said bath with coating 
metal; 

and employing said replenishing step 
and the bath volume to permit the normal 
operation of said coating method to effect 
a substantial change in the composition of 
said bath in substantially less than an 
hour. 

59. A method as recited in claim 58 and 
comprising; 

maintaining the quantity of molten 
coating metal in said bath in the range of 
about 67-500 lbs. (30-227 kg) ; 

and employing a steel strip having a 
width in the range 24-72 inches. (61-183 
cm) . 

60. A method as recited in claim 58 
wherein said replenishing step comprises; 

feeding a wire composed of coating 
metal toward said bath, from above; 

melting said wire by induction 
heating at a location directly above said 
bath; 
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and allowing melting coating metal 
from said wire to drop into said bath. 

61. P. method as recited in claim 45, 
wherein said member is a strip and said method 
comprises: 

coating said steel strip at a 
commercial coating rat*» in the range 2.5-5 
ft. /sec. (76-152 cm/sec); 

employing an interruptible 
replenishing step for replenishing said 
bath with coating metal; 

interrupting said replenishing step; 

and continuing said coating step 
while said replenishing srep ha.i be^n 
interrupted to deplete the volume of 
coating metal in said bath and to empty 
said vessel in a time period less than 10 
minutes. 

62. A method as recited in claim 61 and 
comprising: 

providing said bath with a (quantity 
of molten coating metal, before depletion, 
in the range of about 67-500 lbs. (30-227 
kg) ; 

and employing a steel strip having a 
width in the range 24-72 inches (61-183 
cm) . 
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63. A method as recited In claim 45 and 
comprising: 

pre-treating said member by induction 
heating at a location upstream of said 
bath; 

employing interruptible induction 
heating in said pre-treating step; 

interrupting said induction heating 
and shutting down said pre-treating step 
in response to a drop in demand for said 
coated strip; 

shutting down all the other steps of 
said method when said pre-treating step is 
shut down; 

and resuming said other steps arid 
said pre-treating step in response to an 
increase in said demand. 



64. A method as recited in claim 49, 
wherein said magnetic confining step is 
interruptible and said method comprises: 

providing said vessel with a bottom 
interior surface which slopes toward said 
opening; 

and emptying said bath from said 
vessel by interrupting said magnetic 
confining step. 
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65. The product of the process of claim 

53, said product being characterized by the absence 
of (a) any substantial amount of intermetall j c 
compound composed of iron and said coating metal and 
(b) any ingredient for retarding the formation of 
svrzh an intermetallic compound. 

66. The product of the process of clai.a 

54, sraid product being characterized by the absence 
of (a) any substantial amount of intermetallic 
compound composed of iron and said coating metal and 
(b) any ingredient for retarding the formation of 
such an intermetallic compound. 

67. An apparatus as recited in claim 1 

wherein: 

said opening in the vessel has a cross- 
section, transverse to said path, which is 
asymmetrical about the center point of said 
cross-section; 

said path extends through said center 
point of the opening's cross-section; 

68. An apparatus as recited in claim 67 
wherein: 

said opening in the vessel is an elongated 
slot comprising means for receiving said 
member . 
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wherein: 



69. An apparatus as recited in claim l 



said vessel has a plurality of side 
openings ; 

and said directing neans comprises means 
for directing said steel member horizontally 
through said side openings. 

70, An apparatus as recited in claim i 

wherein: 

said path has a third part located 
downstream of said bath; 

said apparatus further comprising 
additional magnetic containment means, 
positioned alongside said third part of said 
path, for wiping excess coating metal from the 
surface of said steel members- 
said additional magnetic containment means 
comprising neans for generating a magnetic 
field which forces said excess coating metal 
back toward said bath. 

71. An apparatus as recited in claim 70 
wherein: 

no part of said apparatus is interposed 
between any of said magnetic containment means 
and said path. 
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72. An apparatus as ? eel ted in claim 1 

wherein: 

no part of said apparatus is interposed 
between said magnetic containment means and 
said path. 
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FIG. 3 
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